Recently, medial patellofemoral ligament reconstruction has been emphasized for the treatment of patellar dislocation. This study compared the results of medial patellofemoral ligament reconstruction by adductor magnus tenodesis with distal patellar realignment in patients with recurrent patellar dislocation. Additionally, the development of patellofemoral osteoarthrosis was compared for these two procedures at a median 10-year followup. Between 1994 and 2000, 47 consecutive patients were treated for recurrent patellar dislocation by adductor magnus tenodesis (18 knees) or Roux-Goldthwait procedure (29 knees). Redislocations, subjective symptoms, and functional outcomes were evaluated. Magnetic resonance imaging was performed at followup. The incidence of patellar redislocation after surgery was 7% in the adductor magnus group and 14% in the Roux-Goldthwait group. Median Kujala scores were 88 for the adductor magnus group and 86 for the Roux-Goldthwait group. Magnetic resonance imaging revealed patellofemoral articular cartilage lesions in 22 knees (73.3%) at followup, including 14 (46.6%) with full-thickness cartilage loss. Radiographs revealed patellofemoral osteoarthritis in five patients in the Roux-Goldthwait group and in none of the patients in the adductor magnus group. Adductor magnus tenodesis is a reliable method to treat recurrent patellar dislocation. The medial patellofemoral ligament reconstruction seems to reduce the risk of osteoarthrosis compared with distal realignment surgery.
Introduction
Acute lateral patellar dislocation may be followed by harmful sequelae such as recurrent dislocation and painful subluxation. Recurrent dislocation is defined as a patellar dislocation that occurs more than once, and subluxation can be described as symptomatic patellar displacement lateral to the rim of the lateral femoral condyle with spontaneous reduction [22] . In a recent prospective, randomized study [37] , no benefit of initial surgery was seen for acute primary patellar dislocation. Instead, previous studies indicate operative treatment is better suited for prevention of recurrent dislocations. These studies also indicate that Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his or her institution has approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained.
although surgery can prevent further dislocation and subluxation, it does not prevent patellofemoral pain [1, 43] . Furthermore, postoperatively, degenerative changes have been frequent in the patellofemoral joint, especially after distal realignment procedures [1, 5, 26, 33] .
The medial patellofemoral ligament (MPFL) has been emphasized in publications on patellar dislocation since the early 1990s. Several studies [11, 40, 41] have investigated medial soft tissue structures in relation to the stability of the distal extensor mechanism. These studies show the MPFL, by contributing greater than 50% of the total force, is the major medial soft tissue restraint to prevent lateral displacement of the patella. A biomechanical investigation [21] on cadavers showed 50% of the lateral restraining force is provided by the MPFL alone, leading to the conclusion that other medial retinacular tissues play only a minor role. Other medial retinacular tissues affecting patellar stability are the superficial medial retinaculum and the medial patellotibial ligament. The function of the vastus medialis obliquus muscle is also to resist lateral patellar displacement, but its function as a passive stabilizer when the muscle is relaxed is inefficient [2, 5] .
Previous studies have revealed a high incidence of MPFL ruptures in connection with acute patellar dislocations and MPFL abnormalities related to recurrent patellar dislocations [4, 17, 39, 44, 46] . It has been hypothesized that the failure to identify and correct incompetence of the MPFL at the site of disruption may contribute to recurrent instability [21] . In 1993, Avikainen et al. [6] described a method to reconstruct the MPFL by adductor magnus tenodesis. Their report on 14 patients, 10 with acute and four with recurrent patellar dislocations, showed good results for 12 patients in a 7-year followup, but absence of a control group was a limitation of the study. So far, no other studies have been published concerning this specific MPFL reconstruction technique. Although many repair or reconstructive techniques of the MPFL have been described [6, 14, 15, 17, 36, 40, 42, 47] , the studies have lacked control groups and have reported only short-or midterm followup.
The primary aim of the current study was to compare the long-term results of MPFL reconstruction by adductor magnus tenodesis with distal patellar realignment surgery performed by the Roux-Goldthwait procedure in patients with recurrent patellar dislocation. The outcome measures for the study groups consisted of the redislocation rate, objective functional outcome as assessed by the Tegner activity scale, and subjective outcome as measured by the Kujala score. An additional aim of the study was to compare the development of radiographic signs of osteoarthrosis (OA) in the patellofemoral joint between MPFL reconstruction and distal realignment procedures as determined from plain radiographs and MRI at a median 10-year followup.
Materials and Methods
Using a computer search of the medical records of The Central Military Hospital, Helsinki, Finland, we identified all patients operated on for recurrent patellar dislocation at the hospital between 1994 and 2000. To be included, patients had to have at least two documented lateral dislocations of the patella followed by harmful patellofemoral complaints preventing the conscript from attending normal military service. The diagnosis of the recurrent lateral dislocations of the patella had to be based on physical examination by an orthopaedic surgeon (TV, HP) in The Central Military Hospital. Excluded from the study were patients with acute first-time patellar dislocation with few or no symptoms despite recurrent patellar dislocations (a conscript serving a full military service period without consideration of surgery) and patients whose data regarding previous dislocations were missing before surgery. Fortyseven consecutive conscripts diagnosed with recurrent patellar dislocation and who underwent MPFL reconstruction or a distal realignment procedure met the inclusion criterion. All 47 consecutive conscripts were male. Eighteen knees were treated by adductor magnus tenodesis as compared with 29 knees by the Roux-Goldthwait procedure. The median age at the time of surgery was 20.2 years (range, 19-22 years) in the adductor magnus group and 20.0 years (range, 19-24 years) in the Roux-Goldthwait group (p = 0.46). The minimum followups were 8 years (median, 10.1 years; range, 8-13 years) and 5 years (median, 7.0 years; range, 5-11 years) (p = 0.004), respectively. Fifteen of the 18 patients in the adductor magnus group and 21 of the 29 in the Roux-Goldthwait group were able to participate in the followups, at which their median ages were 30 years (range, 27-32 years) and 28 years (range, 24-33 years) (p = 0.08), respectively. The two study groups were comparable in terms of age and number of previous dislocations at baseline ( Table 1 ). As a result of health requirements for military service, both groups consisted of healthy young adults with no preoperative OA characteristics. This gave us the opportunity to investigate the possible development of OA in the patellofemoral joint and to describe chondral lesions identified with MRI in relation to the surgical method of treatment.
All MPFL reconstructions by adductor magnus tenodesis were performed by one of the authors (TV), and all of the Roux-Goldthwait procedures were performed by another senior orthopaedic surgeon (OK). Because the surgeons took turns on duty, the choice of procedure depended on the available surgeon and his personal preference, and thus the patients were not randomized. The adductor magnus tenodesis operations were performed using the technique described by Avikainen et al. [6] ( Figs. 1, 2 ). The distal part of the adductor magnus tendon was cut approximately 8 cm proximal to its distal insertion. The length of the adductor magnus tendon graft was defined by the distance from the insertion of the adductor magnus tendon at the medial femoral condyle to the medial edge of the patella. The graft then was fixed with nonresorbable sutures near the medial border of the patellar periosteum to reconstruct the MPFL. In the original study, Avikainen et al. [6] performed this surgery mainly on acute primary dislocations and reinserted the MPFL into the periosteum of the medial femoral epicondyle. In our study of recurrent dislocations, reinsertion of the MPFL was not done because an acute tear site of the MPFL could not be identified in any of the cases. After graft fixation, the incised retinaculum was duplicated, and the fascia, the subcutis, and the skin were closed in layers. Before closure, the reconstructed MPFL was checked by knee flexion from 0°to 90°to ensure adequate adductor magnus graft gliding over the femoral epicondyle. Postoperative immobilization included patellar orthosis with flexion limited to 60°in all patients with a median time of 3 weeks (range, 2-4 weeks). No limitations on weightbearing were set.
The Roux-Goldthwait procedure followed the original technique [18] . The lateral half of the patellar tendon was transferred behind the medial half of the tendon, and the transferred lateral half was attached to the medial tibia to prevent lateral dislocation. After elevating a strip of the medial retinaculum, the lateral retinaculum was sectioned. The strip then was transferred into the opening in the lateral retinaculum and the medial incision was closed. Postoperative treatment included posterior splint or patellar orthosis immobilization for a median of 3 weeks (range, 2-4 weeks) with no limitations on weightbearing.
The followups were performed at a minimum of 5 years (median, 10.0 years; range, 5-11 years) postoperatively. The followup protocol consisted of a clinical examination and a systematic interview by the authors (PS, VM) with patellofemoral symptom scoring and assessment of the Tegner and Lysholm [48] activity level. In addition, plain radiographs and MR images of the surgically treated knee were taken, and questionnaires were used to record the number of redislocations and subsequent problems. For Arthrosis on plain radiographs* Grade I or more severe 0 0 0 * At the time of surgery, graded as I or more severe according to Ahlbäck [3] . subjective symptoms and functional limitations, we used the patellofemoral rating scale by Kujala et al. [29] with a maximum possible score of 100 points (no symptoms); a score of 95 points or more was considered excellent, 94 to 85 good, 65 to 84 fair, and 64 or less as poor. The 100-mm visual analog scale (0 = no pain, 100 = most severe pain) was used to determine the patient's subjective pain in the affected knee at followup. The institutional review board accepting this study was the Medical Ethics Committee of the institution and written consent was obtained from each patient. Posteroanterior, lateral, and patellofemoral axial radiographs were taken preoperatively and at followup ( Table 2 ). Axial Merchant [35] views with the knee at 45°fl exion were used to analyze the medial and lateral facets of the patellofemoral joint. The radiographic parameters measured on the axial radiographs included the sulcus angle [7] , lateral patellofemoral angle, and lateral patellar displacement as described by Laurin et al. [30] . Patellar height was measured on the lateral views as previously described by Insall and Salvati [23] , which relates the length of the patellar tendon to the length of the patella. A patella alta was defined as a ratio greater than 1.0 according to Schlenzka and Schwesinger [45] . The severity of OA in the patellofemoral joint was assessed by plain radiographs by a senior, musculoskeletally specialized radiologist (MK) who was blinded to the type of surgical procedure and not involved with the surgery. Osteoarthrosis severity was graded from 0 to V by using the classification of Ahlbäck [3] : Grade 0 representing normal, Grade I joint narrowing, Grade II joint obliteration, and Grades III to V more severe destructive characteristics.
In addition, at followup, MRI was performed to determine the locality and severity of possible cartilage defects in the patellofemoral joint. Magnetic resonance imaging was performed on 30 of the 36 patients at followup; two patients in the adductor magnus and four patients in the Roux-Goldthwait group were unable to have MRI and plain radiography. All MR images were obtained using a 1.0-Tesla MRI scanner (Signa Horizon; GE Medical Systems, Milwaukee, WI). A knee coil with a field of view of 10 to 16 cm was used. Slice thickness was 3 mm to 4 mm with a 0.5-mm or 1.0-mm intersection gap. Sagittal proton density spin-echo (SE) sequence images with fat suppression (repetition time/echo time = 3400 ms/17 ms, with two signals averaged and a 256 9 256 [516] matrix) and sagittal T1-weighted SE sequence images (680/11, with two signals averaged and a 256 9 256 [512] matrix) were obtained. T2-weighted fast SE sequences with fat saturation were obtained axially (2560/85, with two signals averaged and a 256 9 256 [512] matrix) and coronally (4000-4600/72-90, with two signals averaged and a 256 9 256 [512] matrix), and the combination of the axial and coronal planes was used to provide sufficient coverage of the articular surfaces and a high sensitivity and specificity for chondral defects [8] .
All MR images were reviewed by a senior, musculoskeletally specialized radiologist (MK) who was not involved with the surgery and was blinded to the type of surgical procedure. Chondral lesions were classified according to their depth using the numeric grading system developed by the International Cartilage Repair Society (ICRS) and described by Brittberg and Winalski [9] . Grade I lesions were excluded as a result of the difficulties in differentiating these lesions from normal (ICRS Grade 0) cartilage by MRI [9] . Because previous studies have shown MRI is unreliable in detecting superficial lesions (softening) [13, 16, 27] , only Graded II to IV lesions were documented to avoid false-positive MRI findings. ICRS Grade II describes articular cartilage defects extending down to less than 50% of cartilage depth, Grade III extending deeper than 50% of cartilage depth, and Grade IV are defects with full-thickness articular cartilage loss.
The Kruskal-Wallis test was used to test differences in the continuous skewed data (Kujala scores, Tegner levels) and the independent samples t-test in the continuous unskewed data (age, followup time, visual analog scale) between the groups. Differences in the two-way tables were determined with the Pearson chi square test (redislocations, subluxations, OA variables). Significance was set at p B 0.05. The software package SPSS 14.0.1 for Windows (SPSS Inc, Chicago, IL) was used for statistical analysis.
Results
The redislocation rate was relatively low in both of the study groups. There was one redislocation (one of 15 [6.7%]) in the MPFL reconstruction group treated by adductor magnus tenodesis and three redislocations (three of 21 [14. 3%]) in the comparison group treated by the Roux-Goldthwait distal realignment procedure (p = 0.52). Painful subluxations and patellofemoral reoperations resulting from patellar instability were similarly infrequent in both groups. The reoperation rate for redislocations was 7% (one of 15) in the adductor magnus group and 14% (three of 21) in the Roux-Goldthwait group (p = 0.68) ( Table 3) .
The overall outcomes, subjective and functional, were good in both groups. The median Kujala score for subjective symptoms and functional outcome in the adductor magnus group was 88 points (range, 57-100) and in the comparison group 86 points (range, 58-100) (p = 0.68). The median Tegner activity scores were 4 (range, 2-8) and 5 (range, 2-7) (p = 0.55), respectively. Two patients in both groups experienced painful patellar subluxations, and one patient in the adductor magnus group underwent reoperation resulting from painful subluxations during the followup period. In the adductor magnus group, difficulties in squatting and going down stairs were less common than in the Roux-Goldthwait group (Table 4) , but the differences were not statistically significant. Clinical examination, including assessment of range of motion (values 141 [range, 130-155] and 144 [range, 135-155], respectively), did not reveal any significant differences between the groups.
Radiographic signs of OA were more frequent among patients treated with the Roux-Goldthwait procedure (p = 0.04) ( Table 3 ). In this group, five patients had OA (at least Ahlbäck Grade I) in the patellofemoral joint compared with none in the adductor magnus group.
Osteoarthritis was not seen in the patellofemoral joint on plain radiographs at the time of surgery. Likewise, the tibiofemoral joint was graded as normal in all of the cases. Regarding the tibiofemoral joint, at followup, none of the patients in either group had chondral lesions on MRI (Grade II or severe), and the native radiographs were graded as normal (Ahlbäck Grade 0) for all patients. Distributions of the chondral lesions showed no statistically significant differences between the groups ( Table 5 ). In the adductor magnus group, 10 of the 13 knees had at least Grade II chondral lesions in the patellofemoral joint. In the Roux-Goldthwait group, 12 of the 17 knees had at least Grade II chondral lesions (p = 0.20). Seven patients with severe, full-thickness Grade IV cartilage lesions either in the patellar or femoral articular surfaces were found in each group (Tables 3, 5 ). In the Roux-Goldthwait group, we noted the patients with fullthickness articular cartilage loss on MRI also had severe OA deformities on the native radiographs ( Figs. 3, 4 ). In the adductor magnus group, full-thickness articular cartilage lesions also were detected, even in as much as 50% of the patients, yet none had an excessively large surface of articular cartilage loss on both sides of the patellofemoral joint to cause OA deformities.
Discussion
Our study is the first to explore the long-term results of MPFL reconstruction compared with distal realignment surgery. In the adductor magnus group, only one patellar redislocation occurred during the median followup of 10.1 years, which we consider a good result. The patients who underwent distal realignment surgery were treated by the Roux-Goldthwait procedure, which is considered a reliable method for treatment of recurrent patellar dislocation [10, 25, 28, 34] . Overall good long-term results were achieved in both groups after operatively treated recurrent patellar dislocation, the redislocation rate being 11% (four of 36) . No statistically significant differences were found between the groups with the exception of OA seen on the plain radiographs of the Roux-Goldthwait group.
Recurrent patellofemoral subluxation or dislocation seems to predispose to development of patellofemoral OA. Magnetic resonance images at followup showed full- Roux-Goldthwait 6 (35%) 5 (29%) 1 (6%) 4 (24%) 2 (12%) 1 (6%) 0 * Chondral lesions were classified according to their depth using the numeric grading system developed by the International Cartilage Repair Society [9] ; nearly normal Grade I lesions were excluded as a result of the insensitivity of MRI detection [9] ; shown as number of patients and as proportions.
thickness articular cartilage loss in 14 patients (47%), and 73% of the patients had at least Grade II chondral lesions. Based on our findings, early signs of OA of the patellofemoral joint can be seen on MRI at the age of 30 years in patients with patellar dislocations. Of our 35 patients, there were five patients (14%) with OA visible on plain radiographs as well, all in the Roux-Goldthwait group. Previously published data of patients with OA changes after operatively treated patellar dislocation have shown proportions between 4% and 70% [5, 12, 19, 24, 33] . However, these studies have included a wide range of patients with ages up to 50 to 60 years, suggesting OA may have been caused by factors other than patellar dislocation.
In the current study, although the median followup for the adductor magnus group was 3 years longer than in the Roux-Goldthwait group, no OA was seen on plain radiographs after the adductor magnus tenodesis. In the Roux-Goldthwait group, patients who had severe chondral lesions also had larger surfaces of articular cartilage loss compared with the adductor magnus group, which were observable as OA on plain radiographs. It might be that the MPFL reconstruction technique prevented additional deterioration of articular cartilage lesions and initiation of OA deformities. Strengths of the study included homogeneity of the patients, all being young, healthy male adults, which resulted in good comparability between the groups. The median followup for the adductor magnus group was 10.1 years, which is longer than in the previously published study of adductor magnus tenodesis [6] . Furthermore, no previous studies have focused on the long-term MRI characteristics of OA after patellar dislocation. The limitation of our study was the lack of female gender and a nonoperative control group, which would have produced additional evidence regarding the potential benefits of MPFL reconstruction. The Roux-Goldthwait procedure may be performed less commonly now than previously, but as a result of the relatively long followup, this limitation is obvious.
Based on Kujala scores, both of the surgical procedures used in the current study resulted in good functional outcomes (median 88 in the adductor magnus group and 86 in the Roux-Goldthwait group). In the original publication of Kujala et al. [29] , the mean score among patellar dislocators was only 62 points and 68 points for patellar subluxations. Maenpaa and Lehto described mean Kujala scores ranging from 74 to 82 points in their 100 patients with nonoperatively treated patellar dislocations in a followup study (average, 13 years) [32] . Previous studies describing several promising MPFL reconstructive techniques with followups are summarized [6, 14, 15, 40, 47] (Table 6 ). So far, only one study on MPFL reconstruction techniques has exceeded followup of 10 years [40] . The current study, however, reported a median Kujala score of 88 for the adductor magnus tenodesis procedure in a 10.1-year followup and is the only followup study on MPFL reconstruction technique with a comparison group reported.
In young adults, concomitant factors such as degenerative tibiofemoral arthrosis have a lesser impact on the outcome of the surgery, which may partly explain the overall good results seen in this study. Nonetheless, the overall findings of this 10-year median followup suggest a superior outcome compared with previous studies with similar or longer followups [26, 31, 32 ]. An obvious limitation of the previous studies has been the wide subject age range, from teenagers to people in their late 60s. Although our study was not randomized, development of OA characteristics as seen on native radiographs seemed to differ between these two surgical techniques. Furthermore, our findings suggest MPFL reconstructive surgery may prevent deterioration of patellofemoral OA as compared with the Roux-Goldthwait method, although this result was not confirmed by the Kujala scores. However, there is some evidence that the severity of patellofemoral OA and patellofemoral scoring do not correlate very well [20, 38] .
Adductor magnus tenodesis is a reliable option for treatment of patellar instability. It seems to restore MPFL function adequately, resulting in a low recurrence rate and only few symptoms in a median followup of 10 years. One of the important findings of the current study was the presence of OA characteristics in most of the patients as shown by MRI at followup. Full-thickness patellofemoral articular cartilage defects were detected in almost 50% of the patients. On plain radiographs, there were considerably more patients with visible OA in the Roux-Goldthwait group than in the adductor magnus tenodesis group. The MPFL reconstruction technique by adductor magnus tenodesis prevented initiation of OA deformities as compared with distal realignment surgery. However, the diverse techniques for MPFL repair or reconstruction deserve additional investigation to ascertain their potential advantages over more traditional techniques. Owing to OA seen at the age of 30 years in patients with patellar dislocation, more knowledge regarding the risk factors and preventive methods for patellar dislocation is required.
